Nano silica-bonded 5-n-propyl-octahydro-pyrimido[1,2-a]azepinium chloride (NSB-DBU) is reported as an highly efficient and recyclable nano catalyst for the preparation of 4H-chromene derivatives in aqueous media. This synthetic method offers a simple, mild and time-saving method under entirely green and environmentally friendly conditions.
INTRODUCTION
In recent years, heterogeneous acid and base catalysts have been extensively studied and applied in organic synthesis. [1] [2] [3] They have many advantages compared to homogeneous catalysts, such as their easy recovery and reusability, non-toxicity, non-corrosive, low cost and environmentally benign. 4 Among them, nano-sized catalysts have attracted more attention than their bulk materials because the size and surface area of nano materials allow the reactions to occur more efficiently than for bulk systems. 5, 6 It is known that surface modification of silica with homogenous catalysts is an excellent method for development of heterogeneous reusable catalysts for organic reactions. 7, 8 The 4H-chromene derivatives are the privileged scaffold in the modern medicinal chemistry due to their extensive range of interesting biological activities such as anticancer, antimicrobial, antifungal, antioxidant, antiallergenic, spasmolytic, and anti-anaphylactic. [9] [10] [11] [12] [13] [14] [15] [16] [17] Furthermore, a number of these compounds are utilized as pigments 18 and photoactive materials. 19 Several methods have been already reported for the synthesis of these compounds (Table 1) . [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] However, these methods are often associated with some drawbacks such as long reaction times, high temperatures, hazardous organic solvents, non-reusable catalysts and complicated work-up. Also, only a few reports existed on the synthesis of these compounds in aqueous media at low temperatures. Therefore, there is still the need to develop better alternatives that can proceed under green reaction conditions. Recently, we prepared silica-bonded nano silica-bonded 5-n-propyloctahydro-pyrimido[1,2-a]azepinium chloride (NSB-DBU) (Scheme 1) as a solid base nano catalyst for the synthesis of novel benzothiazole substituted 4-thiazolidinones. 33 In continuation of our previous work to develop new and eco-friendly synthetic methodologies in organic synthesis, 33, 36 we report herein the application of nano silica-bonded 5-n-propyl-octahydro-pyrimido[1,2-a] azepinium chloride (NSB-DBU) as a heterogeneous and easy recoverable catalyst in the green synthesis of 4H-chromene derivatives (Scheme 2). Scheme 1. Preparation of NSB-DBU Scheme 2. Synthesis of 4H-chromene derivatives.
RESULTS AND DISCUSSION
First, NSB-DBU was prepared from the reaction of nano silica-npropyl chloride and DBU as shown in Scheme 1. The catalyst structure was characterized by X-ray diffraction (XRD), Fourier-transfer infrared (FT-IR) spectroscopy, field emission scanning electron microscopy (FE-SEM), termogravimetric analysis (TGA) and elemental analysis (CHN). XRD diffractogram of NSB-DBU showed strong broad peak between 22° and 23° (2θ), which is characteristic of amorphous nano silica (Fig. 1) . The FT-IR diagram of NSB-DBU (sp 3 C-H stretching at 2936 cm
, C=N stretching at 1647 cm
, CH 2 bending at 1449 cm −1 and Si-O stretching at 1099 cm −1 as a broad band) was in complete agreement with the proposed structure ( Fig. 2) . From the multiple SEM images, it can be determined that the average diameter of SiO 2 nanoparticles after immobilization of DBU is about 40 nm (Fig. 3 ). The amount of DBU grafted on nano silica was evaluated by the nitrogen content, 1.15 mmol/g, on the basis of elemental analysis (C: 16.92% H: 3.06% N: 3.22%). This amount was significantly higher than the loading level of DBU on silica gel as reported earlier (0.45 mmol/g). 38 Thermogravimetric (TG) analysis of NSB-DBU was also studied. The lost weight around 200 °C can be related to the loss of the organic moiety (DBU) of NSB-DBU (Fig. 4) . NSB-DBU showed almost 26% weight loss in this area (about 1.14 mmol of DBU per 1.0 g of the catalyst) which was in accordance with the results obtained from elemental analysis.
Figure 4. Thermal gravimetric analysis of nano silica and NSB-DBU
In order to evaluate the efficiency of NSB-DBU as catalyst, threecomponent synthesis of 2-amino-3-cyano-4H-chromenes was studied. For the optimization of the reaction conditions, the reaction of benzaldehyde, dimedone and malononitrile was chosen as a model reaction (Table 2) . First, we studied the ability of different catalysts including nano SiO 2 , nano MgO, nano TiO 2 , nano ZnO and DBU in the synthesis of 2-amino-3-cyano-4H-chromene derivatives. As shown in Table 1 , the reaction did not take place without any catalyst (Table 1, entry 1) . It was observed that most interesting result was obtained with NSB-DBU as the catalyst. The best results were achieved by carrying out the reaction of benzaldehyde, dimedone and malononitrile (with a 1:1:1 molar ratio) in the presence of 5 mol% of NSB-DBU in water at 50 °C. Subsequently, a series of differently substituted tetrahydrobenzo[b]pyran derivatives was prepared successfully under aqueous conditions (Table 3) . The results clearly indicate that reactions can tolerate a wide range of differently substituted aldehydes. The reactions were complete within 20-40 min and excellent yields of products were obtained by this method. The aromatic aldehydes with electron withdrawing groups reacted faster with slightly improved yields than their electron donating counter parts (Table 3 , entry 4-6). However, in case of aliphatic aldehydes, reactions were not complete under the above conditions and desired products were obtained in low yields. A proposed mechanism for the synthesis of 4H-chromenes is outlined in Scheme 3. Initially, NSB-DBU catalyzed the readily in situ formation of Knoevenagel product 5. Afterward, enolate form of carbonyl compound 3 reacts with adduct 5 to produce intermediate 6, which converts to product 4, after proton transfer, cyclization and tautomerization.
EXPERIMENTAL
All chemicals and reagents were purchased from Fluka and Merck and used without further purification. Melting points were measured on an Electrothermal 9100 apparatus. NMR spectra were recorded with a Bruker DRX-400 AVANCE instrument (400.1 MHz for 1 H, 100.6 MHz for 13 C) with CDCl 3 or DMSO-d 6 as solvent. IR spectra were recorded on an FT-IR Bruker vector 22 spectrometer. Thermogravimetric analysis (TGA) was recorded on a Stanton Redcraft STA-780 (London, UK). The XRD was performed using PHILIPS Xpert pro diffractometer with Cu Kα radiation (λ 1.54 A°). FE-SEM images were obtained on a Hitachi S-1460 field emission scanning electron microscope using an ACC voltage of 15 kV.
Preparation of nano silica-bonded 5-n-propyl-octahydropyrimido[1,2-a]azepinium chloride (NSB-DBU)
NSB-DBU was prepared according to our previously reported procedure. 33 First, nano silica-n-propyl chloride was prepared as reported earlier. 37 Then, a mixture of nano silica-n-propyl chloride (1.0 g) and 1,8-Diazabicyclo [5.4 .0] undec-7-ene (DBU) (0.76 g, 5.0 mmol) in cyclohexane (30 mL) was added to a 50 mL round bottomed flask connected to a reflux condenser. The mixture was stirred under reflux conditions for 36 h. The resulting mixture was then filtered, extracted with toluene in a Soxhlet extractor for 24 h and dried at 60 °C in vacuo to give NSB-DBU as a white powder (1.3 g).
Synthesis of 2-amino-5-oxo-5,6,7,8-tetrahydro-4H-chromenes (4a-n)
A mixture of aldehyde derivatives (1 mmol), malononitrile (1 mmol), dimedone (1 mmol) and NSB-DBU (5 mol%, 0.05 g) in 5 mL H 2 O was stirred at 50 °C until completion of reaction (TLC-control). Then, the solid was dispersed in hot ethanol, and the catalyst was removed by filtration. After cooling, the crude product was precipitated and then purified by recrystallization from ethanol. The recovered catalyst was dried and reused in further reactions. 
Selected spectral data 2-Amino-7,7-dimethyl-5-oxo-4-phenyl-5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4a

CONCLUSIONS
In conclusion, highly efficient and environmentally green methodology for the synthesis of 4H-chromene derivatives via the three-component reaction of aromatic aldehydes, malononitrile and dimedone has been developed in excellent yields (87-95%) within short reaction times (20-40 min) . This protocol has several advantages including mild conditions, excellent yield, environmentally benign and an easy work-up procedure without the need for column chromatographic purification. The catalyst can be recovered and reused over several reaction cycles without considerable loss of reactivity.
